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TYPE SOLAR BATTERY HAVING THE SAME 

(57> Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
electrode having a superior incident light absorbing 
efficiency and a dye sensitizing type solar battery 
having a superior energy conversion efficiency. 

SOLUTION: The optical electrode 10 has a 
semiconductor electrode 2 with a light receiving surface > 
F2, and a transparent electrode 1 arranged on the Hght 
receiving surface F2 so that the transparent electrode 
is adjacent to the semiconductor electrode. The 
semiconductor electrode 2 comprises a plurality of more 
than three layers, each of which contains oxide 
semiconductor particles as a semiconductor material. The 
average particle diameter of the oxide semiconductor 
particles included in each layer increases from the most 
inner layer 21 arranged in the closest position to the 
transparent electrode to the most outer layer 22 
arranged in the farthest position to the transparent 
electrode. 
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[0 0 54] m=MWmi iilT. H5MWRL**« 

emmiz^Ttem-ott^zttL. mm-zmmitm 

«F*-*. 05i4. *»!H<^«»om=lltl^JBkOi|Mi 
[0055] #H«<S03fc«ffil 2 (0*HhF) ft4. 

0 5 iztjk-t i 3 ft: , wfcmffi 2 (vmmcom 2 2 
sfrz^mmmw 1 s^iM¥##«p 3 0* 
t*&jjw4, miizTjk-tytnmi obm&mtttt 

122 <o*3&»F*&sigo*s: * 2 nnmfawmwwf- 

fifiF- P3) ■frfcWfcSii.Tfe'?, -eftJW 

c7)«{4 1 SBI^IKflilH^NWm^fc J: 0 ^j££*tT v ^ 



%km,im.n%&m 2 1 &t>mi&e>m 2 2 iz^xmtm 

-thZblztcZ. l\<7)%m&l 2lzt$^Xlt. ±IB<9*i 

it&^-rs^f*m®2^i.-i»ctft2ct t 7, 

#^2 F*ift:t>(tSAS+^i®iR^O[6iJ 1 j5,JEI^^r 

[0056] fit, cicvmmi 2Zffiz_tz&mmm 
m±mmm {m**t?) it. %mtwmi 2wutmi 
ft:* LK-&rnm!m±?kmm 1 0 tR«^ffi^£*-r 

*. *?t. #rai22W*3terai2£«*fcfi»»8 
M±H«?fi^jt^{4^ft:(JB^$n-r. &ft: 

3*^fcas«a 1 oatx fe^s&*»iEft2 0 1 pi«^ 

:fr£ft: J: 0 «Jfr*- 6 £ fc #T'£ h . 
[0057] [^QHteKSSil WT. 06 feMLtinP 
^*^BJc7>^m®^H||«®ft:ov^TBiBJ-r-l». =5: 

fc. iMLtzm-mmmmizmLxmmLti^mbm- 
<7>mmz-o^xim-<7>%mzttL. mm-zmmm 
B&-rs. 06 \t. *m*mm&(rm^Mmm<&m 

[0058] *mw&m<7)%Mm 1 3 (0^-a-r) it. 

0 6 ft:*-r «t o ft: . 2 coi*fgfi/l 2 3 

^, ¥*tt$ffl#s 1 aS^-ft^^^Kt^ P 3 cr>&X'$> 

*>. Weft-mom 2 2 zffif&t&^mmtmw 1 m«i 

fl:* i I^W(ca^FP4<o*T*&^M4. 01ft:*-r^« 

mi otmm<vmf$LttLx^&. z\<7M^. « 
n-mnm 2 2 zffifc-t tMKViftmmttP 4 <^mk 

®^w&^<wmmmftu<7>m2 1 frt>MW&> 
m2 2izfrvxm%\r?&z\bt l z%z,. zeyytnmi 3-iz 
a^xit. ±E<oflBt*irr& i Nic*BS2*«i4i 

t ft: J: K) . 2 rtft:i3tt& AS*3K<0®JR36 

[0059] -etlT. :^1S 1 3 £<l^Jtfe^i® 

Mpfci©«?te (0*^) (4. mm%M&i 3WHtmi 
iz^Ltz&mm!m±mm.m. 1 o tm®.<?mm*-&t 

ztz. %mm 1 3 m/xm 1 3 zmt tz^mmm 
stmmmomM^mimizmm z ti-r. mm. mz 
1 0 Rt/&mmmm±mmm 20 b mm<r> 
■jjmizx oMst-r s d b wx* & . 
[oo6o] y±. *mi<7)im%:m$mmiz^xm 

[0061] «ilf , ±IB^HS6JB«t=fcV^T(4. 3M 

t&&mmmt±mmmiz^xmwLfztf. *3m<n 
ftwmms-mm!m±ffimMitz\tiizm%.zti& 
xit%\,\ mm. *%pj\<7yfrwmt. muz^-tym 

m2Zffiz.&ffij8.z3iLx^xi>t:^. mm. m7iz 
fK-timm 1 4 co^m&mm 2 it . Mftmnm 2ib& 
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ftmnm 2 2 t . SF*JgPO® 2 1 ^^SB^S 2 2 fc<0 

iafc:Ea$*t*rtaw2 3a^2 4fc*»^»j«$itTvv 

OJf 2 l frt>m-®<r>m 2 2 fcjWT«Hnr*-& J: o izW 
ffiZtlX^Z. 
[0062] 

[^sfe^j] jut. mfcMRVHffimzmfx*?mvm 
[00633 mmm i ) JUT£*-r#j«e i o . 05 

U 5gl=. ^0^«^^ffl^^WMiE3tc*-Tfe«ii 
!g3U:!Wfc2 0 t m®.com$Ltt-?& 5 x 2 Omm<D 

[0064} r5frT. T i 0 2 ST ( fe\ B#T 

XOy^ttS, j8j n D p£ ; r P 2 5 j . ; 2 5 n 

m. JUT. P2 5hV^)C7W7-fehy, 

#ffi*Stt3<J (sfO&tmm. ; r Tri 

ton-Xj ) tin*., WfcLXMftUc7>m2 1B!m 
cox? y-(P2 5^Wa ; 1 5«ft%. JUT, X? 
U-l £-*-&) £ISfSJL*:. 

[0065] P 2 5 h . TtJlS^ST i 0 2 &T 

(T^—tf. ; 1 8 0 nm. JUT. P 1 8 0 

t^o) tSrfflVV P2 5hP 1 80i:<^«*Jt*^ P 
2 5 : PI 80=1 : 1 htth J; O lZLt:IMmffift<?) 

xyv-it mmcoim&miz x o . f*!$tm 2 3 &im 

(7)X7 l J-(P2 5(^tl; 7. 511%, P18 0 
t7>f**; 7. 5«4%. JUT. -2 £ 

NHL*:. 

[0066] &(;:. p 1 80^*J8ivb£Wtiir2e> 

<59X7 U- ( P 1 8 Oc^jfi; ; 1 5|»%. JUT. X 

[0067] -2r. #7*»IS4 (SB|ittt*7X) 
iC77lH-7§M:Sn0^1I3 (Jg|J¥ ; 7 0 
Onm) MIlfiLtifillHl (J5$ ; 1. 1mm) £ 
m«SLfe. *LT, ^c7)Sn0 2 ^mJl3±C. _B**> 
X^y-l^N'-a-^fflv^TM^L. <fcwc«Sfc$ 

[0 0 68] SC. *5'J-2»tfX9'J-3£fflVvr 
£^tffc«jSfc£»9ig-*-£l:fc:J:D, Sn0 2 il 

m±izm 5 izfjk^-^mamm 2 1 mm^m^co^mtm. 
m (gtmcDwrn 1 . ocm*. mm-, 1 s^m, s 

rtgp^)«2 l<7>mm; 5 Aim. PlUm2 3comm; 5u 
m. ■BtW80)B2 2comm ; 5um) £?&£L. ii&fe 



[0069] 4^f*«ffiOSM^fe^^JilT^> 

Afgffc [cis-Di (thiocyanato>-N,N'-bis(2,2'-bipyridy 
1-4,4'dicarboxylic acid) -ruthenium (I I) ] S:J?JV\ .1 

KcDx.?y-}\>mm {mm&mnmg. ;3xio-«mo 

i»L. 8 0X;oiSJ^tt<^hT-2 0l$IHfeBL*;. £ 
ftfci 0 . J i ! »fWi20rt«B:i«fi«i» l . Ox 
lO-'rao l/cm»«IS«t. ifcfc. Hffi!fc«flEVo 

flffiSr4-tert-y^f'J ^'VcOT-fe h— h U/MSttfc: 

1 5$m$tLim. 2 5°cizm$Ltimm%m.wz}5\,^ 

[0070] JJE<0*«Si: H«kWEJ«fc* & § 

mztitemymm&tfyxmm (ptmmcomz 3n 

m) fcfERUfc. &?Z. WMMEbLX. B^m. 3*> 

-9--S (fSftfS: ^N>f ) ^pfiiL. 03K* 

-TJ:^^. 7t«ffil 2t«SCEfcX^- t-S^L 

T*rfa$-g\ nmz±xd.crMMm.^%mLx^mmm. 

[0071} (HJiM2 ) 4mWfcWK>tEg*ttT*>J: 
ofctr^T^^fcJUWi. HStt?Sli:|Sja<0#JlKi 
O02tc*L^«ffil OSlXH3tc^t^fe«JiSS 

[0072] ^fe-T. P25i:. P180t^\ P2 
5 t P 1 8 Oi:<^«SJt^'. P25:P180 = 7:3 
t^^J:3t L jfcJJWIi bu^^. PlWOiitg 
^Jltci: 0 . rtiPS 2 3^B!cJl^X7 'J-(P2 5^ 
; 10. 5«»%. P 1 8 Oc^W* ; 4 . 5«* 
%. JUT. ^7l)-4fc-r^,) SWRLfc. 
[0 073] ^-LT. ffimcr>X7V-lZ&mLX&l*l 
M2 1 JML, X7l>-4^J£fflLTF«?^Ji2 3 
ZBtil L . mf^^X 7';-2^«ffl t Tfi^g&OJf 2 2 

*»j« l*: . jawmifcfi! i mmiz tx . sno^ 
mJE±(cia i 2 1 Piao^^cT^^ 

gPOJi2 10>m&; 5/zm. rtSB® 2 3 « ; 5* 
m. *?hgPiOJ12 2c7)JiJ5; 5/xm) ^fi^L. iiiSfe 

[0074] ( 3 ) ¥&tttt&OS£g $• JUTO i 
dtLTff-^^itJU^Mi. ^M^Jl i:Pia^JWCJ; 
D 0 1 L^7t«@ 1 02Stt^@ 3 fc* t^fe^Jt^M 

mmmmzimLtz. 

[0075] ^~V-7U~zrmz^ T i Sr-irO-fb^S 
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IZ X 0 . ¥^Sgs&« 2 7 n m(7)T i ( T^-?- 

-e\ JUT. P27iV^) ^^3D>f F*»Sfc <WT. 
atM K**lfcv*d) JISUc. *-F?V 

1 i: RKO^HIC J: 9 . T^fiS^ 5 6 n m<OT 
i 0 2 %LT {T-)~?— fer\ P56tWd) ££*r 

ao-f Kjg» (jar, Ywrnzt^o ) , w-mi 

mn 1 2nmOT i 0 2 Sgff (T^^— fe\ OT. P 
1 1 2£V%5> ^-^tt^D-f ao-f m 

$3 1 ) , WBa@*U 9 8 nm?>T i OjSl^ 
(7t?-^ OT, PI 98fcV>3> &*tf30>f F 

^ (WT. ao-f mm4t^d ) fcWRLfc. * 

[ 0 0 7 6 } mz . na-^KIIlM <7)%tl?tl\,zn 

& i fc fc j: o itf^-t^-* f $■ me l * . 

[0077}f^fe, no^KISl^«fflUP2 
7C0^£#i^-*F (P2 7^fl; 1211%. 
mT. M fcvvi K =m-f KM1SV3D>( 
F»iR4 SrffiJSLT P27i:P198t tf)Jt*Jt£ P 2 
7 : P 1 9 8= 7 : 3 i: L^^-X F (iilT. ^— X F 
2fc^3) . rm-f F^mi&lXan>f F*g?g4£teffl 
UP27hPl 9 8tcr>WAit£P2 7 : PI 98 = 

1 : 1 fcL^-XF mT. ^-Xh 2tV>3> &M 

[00 78} -eLT. ^-XM £Sl*JgBtf)Jf 2 
ffcfcfflVK ^-J*F2£fi^J12 3c9^J&k:fflV\ ^~ 
XF3Sr^l-SP<7)®2 2c0^fcfflV^. -r=5r;b*>. ^ 
-XF l~3£*?y-VOTJt££hJ3Wi. HJfi^J 

1 1 mwmtz* o » i ±izm 1 
mffi 2 2 fc RBioflif£(^ifmi ( 

<7>mm ; lcm^ mm ; 1 2junu ©|*lgpo®2 1(7) 

2 2*>JWS; 4Atm) £Uj£L*r. 

[0079] (HJ6M4 ) ¥*ffc»9»Ji*JJtTe>J; 

3 ic LTTf-ofzz t&iMt* mm i £ mn^mmzx 
<omnzm Ltzftmm 1 o 3 ^ Lfc#*jasas! 
*^«m2 0 1 mmwffifcz^&ytmmms&mm® 

[0080] -T3:;b*>. 91*609 3 fcisv^TfliV tfi^-X 

F2^sp"3gp^*2 \<mmzm^ti. &tz. umpb 

fcfc v ^x fflv >3t^— x F 3 * rtg&S 2 3 crmmzm v ^ 



tf^-X F ( P 1 9 &cry$^& ; 1 2W*%. J-XF. ^ 
-Xb4twa) S-PML, Clfl£*^SPc7)^2 2<7)^ 

[0081] -eLT. ilB^^-XF^X^U-VEp 

eiLfcifcjswti. mmmi tmm^mizx ^ b j« 

S 1 _LteB 1 tc^^^«s«® 2 i: Ir1«^«^c^^^ 

(S^ffiOHW; 1. 0cm!, MS- ; 1 2^/m. 
ftPW>Jl2 \<mW\ 4wm, W12 3(7)il;4 
Atm. g£f-5&<7Wi2 2<7>JIJS; 4//m> S»^LJt. 
[0082] ( HifeM 5 ) ^*«ffic7)Sejt £ J^T^i 

OS 1 lz*k LtzftMM. 1 OSVB 3 K5k L^feSJiJSM 

[008 3]-T^*>, *]teM3{ci3V^TiHML^aD 
■i KIIIX^d^ F'^g3SrffifflLTP2 7i:Pl 

1 2i:cO«aJt2:P2 7 : PI 1 2 = 7 : 3i:L^— 
X F ( P 2 70#WM ; 8 . 4MM.%. Pll 2<7>i-^r 
*; 3. 6Jf*%. ^-Xh5tV>5) £ISM 

[0 084] 3g*tW3Cfei>TSW!Ut:=m>f F 

sapfflE i Ri/^nj mm^imLx P27tpii2 

b<7Mm.ik* P27:P112=1: U Ltz^—X F 
( P 2 7<OttM. ; 6»*%. P 1 1 2cn^M. ; 6« 

Jt^-X F 4 £JflWC«$Ml5<0« 2 2 £»fig L^c. 
[0085] -eLT. JiIB<7>#^— XFSrX^y— yep 

n t tz z b mm . mmrn 1 1 <t o » ^eam 
s i ±-izm i 2 1 m&mwur&Hm 

mm (gftmcomm 1 . ocm^ sjs ; 12/im, 
m.n%wm2i<7)mm •, 4um. ^123^11 ; 4 

>um, m\-^<rm2 2<rmW-\ 4xtm) 5:J^fiS;L^. 

[0086] ( hmm 6 ) mmmz a ^xmrnvtzp 

2 7v>&-ti>t3%:&<^-xh\$:m^xm?m<7)m2 \ z 
M&LVtz. ttz. mmmiz&^xmsnvtz^xu m 

m2^mmtXP5 6<D^'ttS^—Xh (P56c^ 
Wi; 12 m&%, KIT. ^.-x F 7 i ^ d ) ZWm 

l. ztiz\*i®m2 3(r>&mzm^*:. mz. mmm4 

lz&\,^xmWLLtiP 1 9 8co^A>^r^^-XF4£ffl 
^XM9h^m2 2cr>&mzm^tz. 
[0 087] %LX\ iiacO^-XFSr^^U-yEP 

wiLtzzb mm . mm 1 1 mmn^miz x 0 . mm 
mm 1 ±izm 1 fc^r^miflcms 2 1 Pia^^io^ 

#«H 1 . Ocm 2 . mmi 2um. 

SrtSP«0S2 1<0«JS ; 4 xtm. AWt2 3«0®ff ; 4 
junu m\-U<7)m2 2cr>mm-'.AjJLm) iB&LLtl. 

[0088] (immi ) mtkmiizm^fzx?v~i 
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<r>m ; 1 . Ocm*. MB-', 1 5xtm) *f^RLfci 

turn*, mum 1 t^^m^ct 

1 <7)jgBJ^$£ 1 K&k ^{i3 0^ojg-r 

[0 0 891 (Jt«^j2 ) mmm 1 cmi^? y- 1 
igjecop 2 5 Srsms-c^-r-i.^.^ y - ( p 2 5 o-ir 

*4; 4 011%, £tT. X7U-5t-TS> £88 b 
it. -?• LT. i^^^U — 5 0^£J8Vvr lOOlm 
3&»<5>*&^WMM8 (S^H^fflW; 1. Ocm^ j| 
IS; 1 5/im) fcfHRUfc^fcfi&HjL gftMlfcHS 

[0090] (stmm3) 

CD®*! ;1. OcmMI; 1 5 urn) ZftWkhtzz\ 

[009D ( y mmm 3 kjbv vt^-* h 1 

1. 0cm*. Jfff ; 1 2 jum) ^gUr 

nmmmnmzYmLtz. tea. z\<nm&. ^.-xv 
K^Miiii'^Wi. sen. *wai3®»D-i&f 

[0092] ( imW5 ) 5IMfiaj4 icjflvvfc'*-.*. h 4 
^HW ; 1 . 0cm'. jf£ ; 1 2//m) JffSLt; 

Zblz£*)ft^*:. 

[0093] am&ie ) mmm 1 izm^ti^-x h 2 

0Mm ; 1 . 0cm', mm; l 2;tcm) ^#ML7ti 

tvmu. mmmi tmm^imzx *)ytmmRv&m 
2<v&mm 1 ±^<^m. sssl *&£j±3 0** oi&r 

[00941 (Jt«0!7) Sg*«3fc*ilr>TS§«L>fc3 
KjfJRl&tfau-r K»IR2£ttfflLTP2 7fcP 



5 6 tCDMRitZ P27:P56 = 7:3i: L^-* 
M P 2 7<^^i ; 8 . 4MM.%. Pll 2<r)^ 
4; 3, 6S*%. ^-Xh8t^o) ZWmL 

tfrm^f K«SK2 UP27i:P56t ?>B4it 
5-P27 : P56=l : It Lfz^—X h ( P 2 7c?>g- 
*4 ; 6Stg%. P 5 6^W* ; 6^4%. ^ 
-*h9fcud) fcSWRLfc. Wlz. HJfi09.3tcfeV^T 
HSUfcao-f K^2£ffifflLTP5 6e>»£*tr<. 
-XKP5 6WS* ; 1 0 0«*%. £TF. 

h i otv^ > zmrnvt:. 

[009 5] -etT. ^h8JlHtfiM2 
lfcJB&U ^-*h2*ffiVvci*J9W2 3£JBj£U 
^-Xhl 0£fflVvc^hg&<OJf 2 2£«?j£U 3OC0 

; 1 2//m> zimttiztmm. mmmitm 

fz. 

[0096} < jt«W8 ) mm&mz&^xmmLtiP 

2 KTyTrfrhtzh^-x hl&m^XMWVM 1 ±^vf> 

^ttci0«rt^c7)®2 l£#jRUfc. Mfc. HJ6M4 
fc*JV>TPWRtfeP 1 98W^^S^-Xh4^ffl 
v^Tgp^®2 1±{cx^"J-y9JSiHcJ:SM^ K 

[0097] *LT. IHtWli:IB|«^^«t=J:0, S 

f*t«S6 (g3KM^H« ; 1 . Ocm', MJSl 2jum. 
Sf*lgP<7>« 2 1 <7D;f ; 8// m . ^KgPc^S 2 2 <7)M 
W- ; 4/zm) &JgmL^„ 

[0098] [ tt*&ttttg*ffc ] littt^i Srfif^rl \ 
HMW 1 ~H*iM 7 . it^4 1 cofe»i®M±l^m?ficO 

-5— i^Sj-l^-^ ^a^; TWXS-8 

5-HSj ) SrfflVK AM7^?- (AM-1. 5> 
2:31 U^-fe/y^yT* 1 4.1 0 OmW/cm ! ««t 
*l®^5r ffsgtf-^ ztlzX 'On-ofz. I -VfX^-S: 

fflv^r€csi-«ff^i42ra!i^t. mtm& (v oc / 
v) . j^smsK ( i s c/ia cm-* ) . mmm? 

(F.F.) aVx*;HF-SQ«aWE (^7/%) £#*>fc. 

[0099] 
[£E1] 
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I sc 


Voc 


F.F. 


V 




/mA - cm" 2 


/v 




/% 




13.0 


0.71 


0.69 


6.37 




13.2 


0.70 


0.68 


6.28 




14.7 


0.71 


0.69 


7.20 




14.5 


0.72 


0.70 


7.31 


5 


14.8 


0.70 


0.68 


7.04 


6 


14.6 


0.72 


0.69 


7.25 




11.1 


0.67 


0.63 


4. 09 


itR0J2 


11.3 


0.67 


0.63 


4.77 


Jfc««3 


12.1 


0.68 


0.65 


5.35 




11.7 


0.67 


0.62 


4.86 




10.0 


0.72 


0.67 


4.82 




12.8 


0.68 


0.63 


5.49 


fltt«7 


12.6 


0.68 


0.64 


5.48 




10.8 


0.68 


0.65 


4.77 



mm i -mmm e efemm&skxanmexz***-^ 

[0101} 

xmrnzmfct h ^mimm ftiza v ^x m\> *%mt%& 
wmzm^&zt izx k> , mh.tz^*ji>*?-mmm$: 

wx'hh. 

[S2101 izijkLtemm i o onm-ammMBm 
mx'hh. 

[03i miiz^LKimmzffiztz&mmmgbkWin 
mzni-tmszmmmx'b & . 



[04 1 *3%BJ^«S<7)|g~IIMm«^^i#^fiico 
[051 *%BJc^€SO^H||JS^O^^i*^<7) 

[06i *^Bj^«^^BHSfe^^»«=mffi£7) 
[07 1 0 1 tc* Lfz%mm<m.<?mmm*mi&£ 

l-mmm. 2-~*mt*nm* s-mmm. 4- 

10. 11, 12, 13, 14-5t*li, 2 0- 
2 l-«rtSW>*. 2 2-WtSm 
?>m, 6 1 0 0-3fe«S10c«BSiMB«, 

CE-M®, E-WML Fl. F2, F3. -§3fc 

F2 2-¥aSfW|ffi2eD3l®. LlO-ASi*. L 
1 2.-tMO£. Pl-RflSHi^frS^ P2-«86 

7. S-*^-1f-„ 



[011 



[031 



(€. 2) )0 2 - 
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[02] [04] 
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(72)%BJ^ «Ba m± 
<72)»!®& + a »- 

mm*m its nm 

F?— 5F051 AA14 CB29 DA20 FA03 

5H032 AA06 AS16 CC14 CC16 EE02 
EE07 EE16 HHOO HH01 HH05 



